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Abstract 

In this paper, we present five-year (2000-2004) climatological statistics of 

Northern Hemisphere spectral white-sky albedo for the 16 International Geo-

sphere-Biosphere Program (IGBP) ecosystem classes when accompanied by the 

presence of snow on the ground.  These statistics are obtained using validated, 

high quality Moderate Resolution Imaging Spectroradiometer (MODIS) land sur-

face albedo (MOD43B3) data flagged as snow in the associated Quality Assur-

ance (QA) fields.  Near Real-Time Ice and Snow Extent (NISE) data are used as 

an additional discriminator of snow extent.  Statistics are provided for the first 

seven MODIS bands, ranging from 0.47 to 2.1 µm, and for three broadbands, 0.3-

0.7, 0.3-5.0 and 0.7-5.0 µm. 

The statistics demonstrate that each ecosystem classification has a discernible 

spectral albedo signature when accompanied by snow on the ground. This indi-

cates that winter canopy and underlying surface radiative properties are im-

pacted by the presence of snow overlying these surfaces.  For example, the 0.47 

µm albedo of winter snow-free evergreen needleleaf forests increases from 0.03 

to 0.36 in the presence of snow, compared to an increase of 0.04 to 0.76 for crop-

lands.  In general, the albedo of snow-covered ecosystems with some winter can-

opy have lower albedos than ecosystems with little to no winter canopy; for ex-

ample the 0.47 µm albedo of snow-covered mixed forests is 0.39 compared to 0.87 

for barren/deserts and 0.95 for permanent snow. 

These statistics can be used within land surface models in a stand-alone 

mode, to prescribe albedo values in atmospheric General Circulation Models 

(GCMs), or be incorporated into research and operational projects.  They are in-

tended to provide researchers with representative spectral albedo values of IGBP 

ecosystems in the presence of snow that are derived from validated satellite data. 
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1. Introduction 

The ratio of reflected to incident radiation, or albedo, of a surface in the pres-

ence of snow can be influenced by several characteristics.  During periods that 

coincide with snow coverage, the vegetation is either at or near the full dormant 

(winter) state; however, the remnants of the vegetative canopy can protrude 

from the surface.  As such, differences in dormant snow-free surface conditions 

for the various land surface classifications result in distinct ecosystem spectral 

signatures (see for example Moody et al., 2005).  However, the presence of snow, 

the location of the snow (on or below winter canopies), and the condition of the 

snow (i.e. snow state, morphology, age, depth, type, and contamination, among 

others) can dramatically alter these spectral signatures.  

Proper representation of the impact of snow on the snow-free surface albedo 

thereby becomes critical for Earth system remote sensing, energy budgeting, and 

modeling projects that depend on surface radiative properties for accurate ob-

servations and calculations of Earth and atmosphere properties.  As such, the 

goal of the present study is to employ validated remote sensing data to provide 

researchers with representative albedo values for the various ecosystems while 

they are in the presence of snow.  To accomplish this, we utilize validated obser-

vations of land surface classification (MOD12Q1, Friedl et al., 2002) and land sur-

face albedo (MOD43B3, 16-day product, Schaaf et al., 2002) that are readily avail-

able from the Moderate Resolution Imaging Spectroradiometer (MODIS) on-

board NASA’s Terra (King and Herring, 2000) satellite. 

The analysis is not straightforward, however, as some of these snow and sur-

face properties can change quite dramatically over a 16-day period of MODIS al-

bedo observations.  Additionally, MOD43B3 albedo observations are by nature a 

temporal average of changing conditions, except in very limited regions of conti-
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nuity.  Further complicating matters, correlating albedo observations with these 

snow and surface properties is hampered by the limited availability of high-

resolution temporal and spatial data.  This includes a limited number of highest 

quality MOD43B3 snow albedo observations over both a 16-day period and even 

over the course of a full year. 

Instead, this work provides albedo values for surfaces in the presence of 

“average” snow conditions by computing ecosystem-dependant multi-year 

northern hemisphere statistics (Jin et al., 2002).  Such statistics are an amalgama-

tion of the differing snow conditions that occur during the course of the snow 

season for each ecosystem type.  This is accomplished by using all of the highest-

quality MOD43B3 observations (discerned to be snow) in the Northern Hemi-

sphere over nearly five years (March 2000-December 2004). 

The resulting statistics of surface albedo in the presence of snow provide re-

searchers with reasonable and representative spectral albedo values at seven dis-

crete wavelengths between 0.47 and 2.1 µm, and three broadbands, 0.3-0.7, 0.3-

5.0, and 0.7-5.0 µm that are derived from validated satellite data.  The statistics 

may be used as a stand-alone lookup table, or incorporated into remote sensing 

retrievals by matching conditions to a lookup table of these average snow condi-

tions.  They may also be an excellent source for model validation. 

This paper explores the techniques and datasets used to compute the statis-

tics of the surface albedo in the presence of snow and proceeds by providing 

background on albedo applications and data sources (section 2), an overview of 

the methodology, including a description of the data used and conditioning and 

statistical calculations (section 3), and finally a discussion of the resulting data 

(section 4), and potential applications (section 5). 
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2. Background 

The albedo of a surface in the presence of snow is a key parameter for remote 

sensing of atmospheric cloud properties and plays a central role in global energy 

budget and climate forcing issues (Dickinson, 1992; Viterbo and Betts, 1999; 

Roesch et al., 2002; Platnick et al., 2003; King et al., 2004).  Various climatic and 

ecosystem models, at a variety of scales, use snow-free albedo maps with super-

imposed snow properties (extent, type, albedo, etc.) (Dickinson et al., 1986; 1988; 

Barnett et al., 1989; Verseghy, 1991; Cess et al., 1991; Bonan, 1996; Yang et al., 

1999; Molotch and Bales, 2006; Molotch et al., 2004).  Remote sensing projects de-

pend on the knowledge of surface radiative properties for accurate observations 

of Earth and atmosphere properties. 

Aircraft and satellite observations of snow-covered land surfaces have been 

undertaken for many years; various techniques have been used to derive albedo 

over a variety of land-cover types (see for example, McFadden and Ragotzkie, 

1967; Robinson and Kukla, 1985; Dozier, 1989).  There have also been extensive 

efforts to model the effects of various influencing factors (snow state, contamina-

tion, etc.) on the albedo of snow-covered surfaces (Wiscombe and Warren, 1980; 

Warren and Wiscombe, 1980; Warren, 1982; Dozier et al., 1981; Grenfell and War-

ren, 1994; Davis et al., 1997; Nolin and Dozier, 2000; Painter and Dozier, 2004). 

 There have also been some remote sensing, ground, and laboratory valida-

tion projects that have provided observations under a variety of conditions 

(Stroeve et al., 2005, Salomonson and Marlatt, 1968; O’Brien and Munis, 1975; 

Brest and Goward, 1987; Hall et al., 1993; Betts and Ball, 1997; Klein and Stroeve, 

2002; Liang et al., 2002, 2005; Greuell and Oerlemans, 2005; Arnold et al., 2002; 

Grenfell and Perovich, 2004).  These studies have shown that the albedo of sur-
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faces in the presence of snow can vary dramatically, and therefore must be taken 

into account in radiative transfer calculations. 

While the MOD43B3 product is currently the only validated source of global 

high-resolution snow-covered surface albedo data, the MOD10 Terra MODIS 

product suite (Hall et al., 2006 & in press) can be used as an additional source for 

daily snow-coverage and snow albedo products.  The MOD10 snow albedo data 

are an initial effort and currently only designated as “provisionally validated,” 

but the snow-covered area data product is very mature and is validated to stage 

2.  In the future, it would be beneficial to use the validated MOD10 snow-

covered area data to crosscheck the MOD43B3 data for the presence of snow as 

the MOD10 product’s spatial resolution is 500 meters, and includes sub-pixel 

snow-cover information.  

3. Methodology and Datasets 

As an overview, nearly five years (March 2000- December 2004) of the high-

est quality Northern Hemisphere MOD43B3 albedo observations, discerned to be 

snow (through internal MOD43B3 flags and Near Real-Time Ice and Snow Extent 

(NISE) data), are aggregated by the International Geosphere-Biosphere Program 

(IGBP) land surface classifications.  The mean, standard deviation, and the coeffi-

cient of variation (standard deviation normalized by the mean) are then com-

puted from this aggregated data.  To provide additional comparisons, similar 

statistics are computed from highest quality pixels that are deemed to be free of 

snow.   

Before computing the statistics, the three datasets used, MODIS albedo and 

land cover classification, and NISE, are conditioned and reprojected onto a com-

mon grid with one-minute resolution in geographical coordinates.  The daily 
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NISE data are also aggregated to match the MODIS albedo 16-day period.  The 

ensuing subsections detail these procedures. 

3.1 MODIS albedo dataset and conditioning 

The launch of the Moderate Resolution Imaging Spectroradiometer (MODIS) 

onboard NASA’s Terra spacecraft in December 1999 (King and Herring, 2000) 

ushered in a wealth of new products with unprecedented spectral, spatial, and 

temporal characteristics.  Of particular interest to this study is the operational 

diffuse bihemispherical (white-sky) and direct beam directional hemispherical 

(black-sky) land surface albedo dataset, known as MOD43B3 (Schaaf et al., 2002). 

In this study, only the white-sky albedo is considered due to it being independ-

ent of angular effects; the black-sky albedo is computed at an angle of local solar 

noon.  This product is a validated 16-day aggregate global dataset at 1 km spatial 

resolution for the first seven MODIS bands, 0.47 through 2.1 µm, and for three 

broadbands, 0.3-0.7, 0.3-5.0, and 0.7-5.0 µm (Schaaf et al., 2002).   

Recent validation efforts have shown that the MODIS “high quality” albedo 

retrievals accurately represent the general snow conditions over the pure-snow 

conditions of the Greenland Ice Sheet (Stroeve et al., 2005).  In the context of the 

MODIS albedo product, the term “high quality” has a very specific meaning; it 

refers to retrievals that had seven or more non-obscured observations with suffi-

cient angular sampling over the product’s 16-day period to provide a well-

defined Bidirectional Reflection Distribution Function (BRDF). 

It is interesting to note that, to a first order approximation, uniform snow 

fields have forward-scattering BRDF properties, whereas wind sculpted and 

vegetated surfaces have back-scattering BRDF properties.  In reality, at 1 km 

resolution almost every pixel will be impacted by melting pools, terrain varia-
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tion, and extruding vegetation or significant canopies.  The validation efforts 

(Stroeve et al., 2005) have shown that the MOD43B3 algorithm, which includes 

shadowing models, captures the proper geometric-optical effects over both flat, 

uniform, pure snow surfaces and non-uniform or winter canopy laden surfaces. 

MOD43B3 data are stored using a sinusoidal (SIN) projection through a se-

ries of approximately 400 tiles (10° x 10° per tile).  To facilitate analysis, the raw 

data are mosaiced onto a common grid with one-minute resolution in geographi-

cal coordinates, which is ~2 km in spatial resolution at the equator.  This proce-

dure is a sampling process for which the grid is defined and the data from the 

nearest geolocated pixel in the MODIS tile are geospatially translocated onto the 

common one-minute resolution, in geographical coordinates, grid. 

MOD43B3 pixels that were covered with snow for more than half of the 

cloud-free observations over the 16-day period are flagged as such in the 

MOD43B3 Quality Assurance (QA), and only these snowy pixels are considered 

for inclusion in the statistics.  To ensure that the resulting statistics provide the 

most accurate values possible, the pixels are further conditioned by applying the 

MODIS albedo product QA to remove pixels of lower quality.  As detailed in the 

MODIS BRDF/albedo product (MOD43B) user’s guide and Schaaf et al. (2002), 

only pixels with seven or more diverse angular observations over the 16-day pe-

riod were included in the statistics.  These pixels had sufficiently well sampled 

and high quality observations to have confidence in the retrieved albedo value 

(i.e., a well defined BRDF). 

3.2 MODIS ecosystem classification dataset and conditioning 

The interplay between the vegetative canopy, the underlying surface proper-

ties associated with land cover classification, and the snow can influence the ra-
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diative properties of the surface.  For example, tree canopies can obscure surface 

snow and lower the reflectivity of the scene (e.g., Betts and Ball, 1997; Pomeroy 

and Dion, 1996; McFadden and Ragotzkie, 1967; Bounoua et al., 2000). 

To compile the ecosystem-dependant statistics, the static MOD12Q1 ecosys-

tem classification product, which represents the dominant land cover class for 

each pixel (Friedl et al., 2002), is also reprojected onto a common grid with one-

minute resolution in geographical coordinates.  At present, no QA is applied to 

the reprojected IGBP map, and only the predominant ecosystem classification is 

used for each pixel.  In reality, most pixels will contain various classifications 

that may contribute to the variability in this study’s ecosystem-dependant statis-

tics. 

3.3 NISE snow classification dataset and conditioning 

In addition, the daily 15-minute x 15-minute horizontal resolution Near Real-

Time Ice and Snow Extent (NISE) product that is derived from satellite-borne mi-

crowave radiometers (Armstrong and Brodzik, 2002) is used to further discrimi-

nate pixels identified as snow by the MOD43B3 QA flags.  This product is not 

validated, however, and being a microwave product, it consistently does not de-

tect thin snow; on the other hand, it is unlikely that thin snow would persist over 

a MOD43B3 datasets’ 16-day period.  Despite these negative aspects, this product 

can often provide valuable information. 

In practice, the 15-minute NISE daily snow extent product was first projected 

onto the same common grid with one-minute resolution in geographical coordi-

nates.  The 16-day cycle of the MOD43B3 data is matched and the number of 

days during this period in which NISE flags a pixel as snow is computed.  Of the 

high quality pixels labeled as snow by MOD43B3, only the pixels that are flagged 
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as snow by NISE for over 90% of the days during the 16-day period are included 

in these statistics.  Although the NISE product’s spatial resolution is coarser than 

the MOD43B3 product, the conservative temporal criterion possible with the 

NISE data ensures that the albedos being utilized in this paper are more heavily 

and consistently snow-covered, and less likely to include albedos retrieved in the 

presence of some datable thin or patchy snow in the pixel. 

4. Results and Discussion 

The mean, standard deviation, and coefficient of variation for surfaces in the 

presence of snow were computed using nearly five years of MODIS data.  The 

number of pixels used (not shown) to compute these statistics ranged from a 

high of nearly 80 million pixels for permanent snow, to a low of only 6,000 pixels 

for the evergreen broadleaf forest.  Nine ecosystems had over a million pixels; 

another four had over 100,000 pixels, while another two had over 10,000 pixels.  

As such, these quantities should provide representative statistics. 

Northern Hemisphere five-year mean spectral white-sky albedos for various 

ecosystems in the presence of snow are presented in Table 1 and Fig. 1, with ac-

companying standard deviations in Table 2.  These illustrations demonstrate that 

each of the 16 IGBP ecosystem classes has a discernible spectral signature, with a 

maximum departure of 60% at a wavelength of 0.47 µm.  Surfaces that are de-

void, or nearly so, of vegetation during the winter have the highest albedo (such 

as barren or desert, permanent snow, and cropland).  Please note that in Fig. 1 

albedo values of discrete MODIS spectral bands are connected with straight lines 

for the sake of presentation only; absorption features between MODIS bands 

(e.g., vicinity of 1.5 µm, Grenfell and Perovich, 2004) are not shown. 

Ecosystems that have some vegetative canopy generally have a lower al-
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bedo.  Canopied ecosystems exhibit a peak around 0.86 µm that suggests contri-

bution by the snow on the canopy (leaf/needle or otherwise).  Evergreen nee-

dleleaf forests have the lowest overall spectral albedo, undoubtedly due to the 

relatively lush winter canopy that obscures the ground-level snow.  The decidu-

ous broadleaf and deciduous needleleaf forests have nearly identical spectral sig-

natures, as their winter canopies (of dense branches) are similar.  These results 

are in accordance with modeling studies that show canopies that cover snow re-

duce the surface albedo during winter times (Bonan, 1997, Bounoua et al., 2000). 

In comparison to similarly computed snow-free dormant mean spectral sig-

natures, shown in Figs. 2 and 3, the presence of snow generally increases the al-

bedo in the 0.47 µm through 0.86 µm channels, while generally decreasing the 

albedo in the near- and short-wave infrared channels (1.24 µm – 2.13µm).  Inter-

estingly, these trends generally hold when comparing the albedo of snow-

covered surfaces to the full growth spectral signatures. 

Figs. 2 and 3 also illustrate the temporal change in the spectral signature of 

various ecosystems’ surfaces in the presence of snow; five-year monthly averages 

are computed in a manner similar to that described in Sec. 3, except the latitudes 

are limited between 70° and 40° N to match the regions of dominant snow cover-

age.  When interpreting the plots, note that the vast majority (not shown) of each 

ecosystem’s snow-covered pixels occur in the months of January through March.  

In general, the spectral signatures are smallest in November and December (due 

to more ephemeral or mixed snow), increase during January and February (as 

the snow base builds), peak in March, and then decline in April (as melt pools 

and ephemeral/mixed snow conditions dominate).  As these statistics are gener-

ated from the angle-independent (diffuse) white-sky albedo product, these tem-

poral results are independent of sun angle to the extent that the bidirectional re-
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flectance models used to derive the diffuse albedo are correct. 

The variability in the mean spectral signatures of the various ecosystems in 

the presence of snow can be explored with the standard deviations (Table 2) and 

the coefficients of variability (Fig. 4).  An appreciable amount of variability can 

be expected as the statistics are computed using data that cover five years and an 

entire hemisphere.  Contributing factors include snow-free surface conditions 

(i.e., inter-ecosystem regional differences in decay state) and snow conditions 

(i.e., type, melt, depth, etc).  Indeed the standard deviation values in Table 2 bear 

this out. 

Perhaps a more appropriate method for comparing variability between 

datasets, however, is to compare the coefficients of variation, Fig. 4, as this statis-

tical measure is in essence a non-dimensional and normalized standard devia-

tion.  Overall, this figure reiterates that there is appreciable, but expected, vari-

ability in the five-year Northern Hemispheric statistics.  Upon examination of the 

0.47 µm through 0.86 µm range, one finds that the least variable ecosystems are 

the ones with limited to no winter canopy, while the most variable are those eco-

systems with significant winter canopies.  In particular, the most variable ecosys-

tems in this range are the Evergreen and Mixed Forests, whose canopies can re-

tain highly variable and sometimes substantial amounts of snow.  In addition, 

snow within these canopies can suddenly fall or be blown off which in turn dra-

matically alters the albedo of the scene. 

The variability in this range also arises from the degree of the ecosystems’ 

surface homogeneity; sample size does not appear to play a factor as, for exam-

ple, the mixed forest (largest variability) and the barren desert (second smallest 

variability) classifications have 2.3 million and 4.5 million sample pixels, respec-

tively.  The spatial distribution of sample pixels can also contribute to the vari-
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ability as local decay states and winter canopies may differ.  Note that the coeffi-

cients become more erratic as they approach the 2.13 µm range as the denomina-

tors become small (mean albedo values as low as 0.04). 

5. Example Applications 

The spectral signatures of surfaces accompanied by snow presented in sec-

tion 4 can be incorporated into a wide variety of Earth system modeling and re-

mote sensing or ground-based research projects.  One such example of integra-

tion is to use these values in tandem with the snow-free spatially complete sur-

face albedo maps (Moody et al., 2005 & 2007) to provide dynamically tailored 

surface albedo maps.  For example, uncoupled land surface parameterization 

models (LSPs) can be initialized, for a particular discrete wavelength, with a 16-

day spatially complete surface albedo map that is snow-free.  Using the land 

cover classification and the snow extent maps one can then compute the snow 

albedo using statistics from the lookup table.  This albedo value can either be 

used to drive the LSPs in resolving the surface energy balance or used as valida-

tion fields for model computed albedo. 

Alternatively, once snow extent and the underlying ecosystem class are de-

fined, snow cover albedo values can be directly overlaid onto the map using Ta-

ble 1.  Figure 5 provides an illustration of such a process for the 0.86 µm data 

from January 1-16, 2002, in which NISE snow extent and snow type define the 

snow properties, and the 2000-2004 snow albedo statistics provide the albedo 

values.  This type of procedure is currently being used operationally in the 

MODIS cloud optical properties product (MOD06/MYD06) (Platnick et al., 2003, 

King et al., 2003) as well as in the retrievals of aerosol properties from ground-

based Aerosol Robotic NETwork (AERONET) sunphotometer observations 
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(Holben et al., 1998; Dubovik et al., 2000). 

Besides the tabular format provided in Tables 1 and 2, the data are available 

in an Hierarchical Data Format (HDF) data file.  This data file also includes the 

number of pixels used to provide the statistical information.  The data file is 

available for public download via an anonymous ftp site at ftp://modis-

atmos.gsfc.nasa.gov. 

6. Summary 

In this paper, we present five-year Northern Hemisphere spectral albedo sta-

tistics (mean, standard deviation, and coefficient of variation) for the 16 IGBP 

ecosystem surfaces when accompanied by snow.  These statistics are computed 

for each of the 10 MOD43B3 narrowband and broadband wavelengths.  The 

analysis demonstrates that each ecosystem classification has a discernible spec-

tral albedo signature when accompanied by snow on the ground.  This indicates 

that winter canopy and underlying surface radiative properties are impacted by 

the presence of snow overlying these surfaces.   

It is the intention of the authors to provide researchers with representative 

spectral albedo values of IGBP ecosystems in the presence of snow that are de-

rived from validated satellite data.  It is anticipated that these statistics will be 

incorporated within land surface models in a stand-alone mode, to prescribe al-

bedo values in atmospheric General Circulation Models (GCMs), or be incorpo-

rated into research and operational projects.   
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TABLE CAPTIONS 

Table 1. Mean values of Northern Hemisphere five-year (2000-2004) spectral 

white-sky surface albedo data (in the presence of snow) aggregated by 

IGBP ecosystem classification. 

Table 2. Standard deviation values of Northern Hemisphere five-year (2000-

2004) spectral white-sky surface albedo data (in the presence of snow) 

aggregated by IGBP ecosystem classification. 
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Table 1. Mean values of Northern Hemisphere five-year (2000-2004) spectral 
white-sky surface albedo data (in the presence of snow) aggregated by 
IGBP ecosystem classification. 

 White-sky snow albedo by wavelength (µm) 
Ecosystem 0.47 0.55 0.69 0.86 1.24 1.64 2.13 0.3-

0.7 
0.7-
5.0 

0.3-
5.0 

Evergreen  
Needle Forest 0.36 0.36 0.33 0.40 0.24 0.09 0.05 0.31 0.24 0.27 
Evergreen Broad 
Forest 0.49 0.49 0.47 0.50 0.31 0.11 0.06 0.44 0.33 0.38 
Deciduous  
Needle Forest 0.43 0.42 0.41 0.42 0.26 0.12 0.07 0.39 0.27 0.33 
Deciduous Broad 
Forest 0.43 0.43 0.41 0.46 0.26 0.10 0.06 0.35 0.27 0.31 
Mixed Forest 0.39 0.39 0.37 0.43 0.25 0.10 0.05 0.32 0.25 0.29 
Closed Shrubs 0.48 0.48 0.46 0.47 0.29 0.11 0.06 0.42 0.30 0.36 
Open Shrubs 0.73 0.72 0.70 0.67 0.37 0.12 0.06 0.68 0.44 0.56 
Woody Savanna 0.47 0.46 0.44 0.47 0.28 0.11 0.06 0.44 0.30 0.37 
Savanna 0.59 0.59 0.58 0.59 0.31 0.11 0.05 0.57 0.39 0.47 
Grassland 0.72 0.72 0.71 0.70 0.39 0.12 0.06 0.70 0.48 0.59 
Wetland 0.69 0.70 0.69 0.67 0.32 0.01 0.04 0.66 0.44 0.55 
Cropland 0.76 0.76 0.76 0.74 0.40 0.11 0.05 0.69 0.47 0.58 
Urban 0.54 0.54 0.53 0.55 0.30 0.11 0.06 0.50 0.34 0.42 
Crop Mosaic 0.65 0.66 0.64 0.65 0.36 0.11 0.06 0.59 0.41 0.50 
Permanent Snow 0.95 0.94 0.92 0.84 0.45 0.12 0.05 0.89 0.57 0.74 
Barren/Desert 0.87 0.87 0.85 0.80 0.42 0.12 0.06 0.78 0.51 0.65 
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Table 2. Standard deviation values of Northern Hemisphere five-year (2000-
2004) spectral white-sky surface albedo data (in the presence of snow) 
aggregated by IGBP ecosystem classification. 

 Standard deviation of white-sky snow albedo by wavelength (µm) 
Ecosystem 0.47 0.55 0.69 0.86 1.24 1.64 2.13 0.3-

0.7 
0.7-
5.0 

0.3-
5.0 

Evergreen  
Needle Forest 0.11 0.12 0.12 0.11 0.06 0.02 0.01 0.14 0.08 0.10 
Evergreen Broad 
Forest 0.14 0.15 0.16 0.14 0.08 0.03 0.02 0.17 0.11 0.14 
Deciduous  
Needle Forest 0.08 0.08 0.08 0.08 0.06 0.02 0.01 0.10 0.07 0.08 
Deciduous Broad 
Forest 0.11 0.11 0.12 0.10 0.07 0.02 0.02 0.12 0.08 0.09 
Mixed Forest 0.14 0.14 0.15 0.12 0.07 0.02 0.01 0.14 0.09 0.11 
Closed Shrubs 0.12 0.12 0.13 0.12 0.07 0.03 0.02 0.15 0.10 0.13 
Open Shrubs 0.15 0.16 0.16 0.14 0.09 0.03 0.02 0.17 0.13 0.15 
Woody Savanna 0.12 0.12 0.13 0.11 0.07 0.03 0.02 0.14 0.10 0.11 
Savanna 0.12 0.12 0.12 0.11 0.09 0.03 0.02 0.14 0.10 0.12 
Grassland 0.15 0.16 0.16 0.15 0.09 0.03 0.02 0.16 0.12 0.14 
Wetland 0.12 0.12 0.12 0.11 0.11 0.04 0.02 0.14 0.11 0.12 
Cropland 0.12 0.11 0.12 0.10 0.08 0.03 0.02 0.15 0.11 0.13 
Urban 0.13 0.13 0.14 0.12 0.09 0.03 0.02 0.15 0.10 0.12 
Crop Mosaic 0.17 0.17 0.17 0.14 0.09 0.03 0.01 0.18 0.12 0.15 
Permanent Snow 0.07 0.06 0.07 0.09 0.10 0.04 0.02 0.11 0.11 0.11 
Barren/Desert 0.10 0.10 0.11 0.11 0.09 0.03 0.02 0.16 0.13 0.14 



 REMOTE SENSING OF ENVIRONMENT 24 

 

FIGURE LEGENDS 

Fig. 1. Mean values derived from five years of Northern Hemisphere white-sky 

spectral albedo data (in the presence of snow) as a function of IGBP eco-

system classification.  The statistics are derived from 2000-2004 

MOD43B3 collection 4, MOD12Q1, and NISE data.  Sea ice is excluded 

from this analysis. 

Fig. 2. November through April monthly mean values derived from five years 

of Northern Hemisphere white-sky spectral albedo data (in the presence 

of snow) as a function of eight (a-h) IGBP ecosystem classifications.  For 

comparison, similarly derived, but snow-free five-year means of mature 

and dormant 16-day periods are presented. The statistics are derived 

from 2000-2004 MOD43B3 collection 4, MOD12Q1, and NISE data.   

Fig. 3. November through April monthly mean values derived from five years 

of Northern Hemisphere white-sky spectral albedo data (in the presence 

of snow) as a function of eight (a-h) IGBP ecosystem classifications.  For 

comparison, similarly derived, but snow-free five-year means of mature 

and dormant 16-day periods are presented. The statistics are derived 

from 2000-2004 MOD43B3 collection 4, MOD12Q1, and NISE data.   

Fig. 4. Coefficient of variability values derived from five years of Northern 

Hemisphere white-sky spectral albedo data (in the presence of snow) as 

a function of IGBP ecosystem classification.  The statistics are derived 

from 2000-2004 MOD43B3 collection 4, MOD12Q1, and NISE data.  Sea 

ice is excluded from this analysis. 

Fig. 5. 0.86 µm white-sky snow-free spatially complete albedo data from Janu-

ary 1-16, 2002, without (top) and with (bottom) overlaid snow albedo 

values.  Pixels flagged as snow by the NISE snow extent product have 
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their snow-free values replaced with ecosystem-dependant snow-

covered albedo values.  The snow-covered albedo values are provided 

from the lookup table, Table 1. 
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Fig. 1. Mean values derived from five years of Northern Hemisphere white-sky 

spectral albedo data (in the presence of snow) as a function of IGBP eco-

system classification.  The statistics are derived from 2000-2004 

MOD43B3 collection 4, MOD12Q1, and NISE data.  Sea ice is excluded 

from this analysis. 
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Fig. 2. November through April monthly mean values derived from five years 

of Northern Hemisphere white-sky spectral albedo data (in the presence 

of snow) as a function of eight (a-h) IGBP ecosystem classifications.  For 

comparison, similarly derived, but snow-free five-year means of mature 

and dormant 16-day periods are presented. The statistics are derived 

from 2000-2004 MOD43B3 collection 4, MOD12Q1, and NISE data.  
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Fig. 3. November through April monthly mean values derived from five years 

of Northern Hemisphere white-sky spectral albedo data (in the presence 

of snow) as a function of eight (a-h) IGBP ecosystem classifications.  For 

comparison, similarly derived, but snow-free five-year means of mature 

and dormant 16-day periods are presented. The statistics are derived 

from 2000-2004 MOD43B3 collection 4, MOD12Q1, and NISE data. 
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Fig. 4. Coefficient of variability values derived from five years of Northern 

Hemisphere white-sky spectral albedo data (in the presence of snow) as 

a function of IGBP ecosystem classification.  The statistics are derived 

from 2000-2004 MOD43B3 collection 4, MOD12Q1, and NISE data.  Sea 

ice is excluded from this analysis. 
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Fig. 5. 0.86 µm white-sky snow-free spatially complete albedo data from Janu-

ary 1-16, 2002, without (top) and with (bottom) overlaid snow albedo 

values. Pixels flagged as snow by the NISE snow extent product have 

their snow-free values replaced with ecosystem-dependant snow-

covered albedo values.  The snow-covered albedo values are provided 

from the lookup table, Table 1. 




